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Nonprovisional application for System, Method, and
Apparatus for Electronic Patient Care, Ser. No. 13/723,253.

BACKGROUND

1. Relevant Field

The present disclosure relates to monitoring, regulating, or
controlling fluid flow. More particularly, the present disclo-
sure relates to a system, method, and apparatus for monitor-
ing, regulating, or controlling fluid flow, for example, for use
in medical applications such as intravenous infusion therapy,
dialysis, transfusion therapy, peritoneal infusion therapy,
bolus delivery, enteral nutrition therapy, parenteral nutrition
therapy, hemoperfusion therapy, fluid resuscitation therapy,
or insulin delivery, among others.

2. Description of Related Art

In many medical settings, one common mode of medical
treatment involves delivering fluids into a patient, such as a
human, animal, or pet. The need may arise to rapidly infuse
fluid into the patient, accurately infuse the fluid into the
patient, and/or slowly infuse the fluid into the patient. Saline
and lactated ringers are examples of commonly used fluids.
Such fluids may be used to maintain or elevate blood pressure
and promote adequate perfusion. In the shock-trauma setting
or in septic shock, fluid resuscitation is often a first-line
therapy to maintain or improve blood pressure.

Delivery of fluid into the patient may be facilitated by use
of a gravity-fed line (or tube) inserted into the patient. Typi-
cally, a fluid reservoir (e.g., an IV bag) is hung on a pole and
is connected to the fluid tube. The fluid tube is sometimes
coupledto a drip chamber for trapping air and estimating fluid
flow. Below the fluid tube may be a manually actuated valve
used to adjust the flow of fluid. For example, by counting the
number of drops formed in the drip chamber within a certain
amount of time, a caregiver can calculate the rate of fluid that
flows through the drip chamber and adjust the valve (if
needed) to achieve a desired flow rate.

Certain treatments require that the fluid delivery system
strictly adhere to the flow rate set by the caregiver. Typically,
such applications use an infusion pump, but such pumps may
not be used in all situations or environments.

SUMMARY

Briefly, and in general terms, the present disclosure relates
to a system, method, and apparatus for monitoring, regulat-
ing, or controlling fluid flow, for example, for use in medical
applications such as intravenous infusion therapy, dialysis,
transfusion therapy, peritoneal infusion therapy, bolus deliv-
ery, enteral nutrition therapy, parenteral nutrition therapy,
hemoperfusion therapy, fluid resuscitation therapy, or insulin
delivery, among others. More particularly, the present disclo-
sure relates to a fluid flow meter for monitoring the flow of
fluids associated with a patient, a valve for regulating the flow
of fluid associated with the patient, and/or a fluid flow meter
coupled to a valve (e.g., arranged in a closed-loop, open-loop,
or feedback configuration) to monitor, regulate and/or control
the use of fluid associated with the patient.

In some embodiments of the present disclosure, a flow
meter includes one or more optical sensors to monitor the
flow of fluid within a tube, for example, using an image sensor
to monitor drops within a drip chamber attached to the tube.
The flow meter may be a stand-alone device, may be used in
conjunction with either a pump or a valve, or both, and/or may
beused to provide feedback to any electronic device. The flow
meter may be remotely controlled, e.g., by a monitoring cli-
ent, a remote communicator, a smart phone, a computer, etc.



US 9,151,646 B2

3

The flow meter may measure the average flow rate, an instan-
taneous flow rate, a drop volume, a drop growth rate, or other
parameter related to fluid flow.

The flow meter may use the flow rate or parameter related
to fluid flow to: (1) display the flow rate or parameter on a
screen, (2) provide feedback, such as the flow rate or param-
eter related to fluid flow (wirelessly or via wires), to an infu-
sion pump such as a peristaltic pump, (3) provide feedback to
a monitoring client or remote monitoring client such as a
smart phone, (4) issue alarms when the flow rate or parameter
related to fluid flow is outside a predetermined range, (5) issue
an alarm with the flow rate or parameter related to fluid flow
is above a predetermined threshold, (6) issue an alarm when
a free flow is detected, (7) communicate alarms to a pump, a
monitoring client, or a remote monitoring client, (8) instruct
avalve to stop fluid flow when a free flow is detected, an alarm
is issued, and/or the flow rate or parameter related to fluid
flow is above a threshold or is outside of a predetermined
range, and/or (9) broadcast the flow rate or parameter related
to fluid flow.

In some embodiments described herein, a valve regulates
the flow of fluid associated with a patient. The valves dis-
closed herein may be manually actuated or may be actuated
with an actuator (or both). The valve may be used with or
without a pump, with or without a flow meter, and/or may be
a stand-alone device. The valve may be remotely controlled,
e.g., by a monitoring client, a remote communicator, a smart
phone, a computer, etc. The valve may compress a tube along
a portion that is substantially greater than the diameter of the
tube, e.g., 2 times greater, 5 times greater, 10 times greater,
etc.

The valve may be made of two or more pieces that com-
press the tube or may be made of a single piece that com-
presses the tube as the piece is moved or deformed. The two
or more pieces and/or the single piece may be made using
injection molding, ultrasonic welding, using multiple pieces
that are glued or molded together, or the like. Each of the two
or more pieces may be made by one or more subparts that are
attachable to each other either permanently or temporarily.
The single piece may be made by one or more subparts that
are coupled together either permanently or temporarily, e.g.,
using ultrasonic welding, gluing, latching, or other technique.
The pieces may be plastic, metal, an alloy, a polymer, or other
material.

In some embodiments of the present disclosure, a flow
meter is coupled to a valve to regulate fluid flow, e.g., fluid
flow into a patient. The flow meter coupled to the valve may
be used in lieu of a pump, such as a peristaltic infusion pump.
The flow meter and valve combination may be remotely con-
trolled, e.g., by a monitoring client, a remote communicator,
a smart phone, a computer, etc. or may be remotely moni-
tored. A monitoring client may control the flow meter or
valve, may be a relay between the flow meter and valve, may
monitor the operation of the flow meter or valve, may com-
municate information related to the flow meter or valve to a
server, and/or may not be used in the system.

The flow meter may monitor the flow of fluid and make
adjustments, directly or indirectly, to a valve or a pump (e.g.,
an infusion pump). The flow meter may alarm when it detects
free flow conditions, determines if the flow rate is greater than
a predetermined threshold or is outside a predetermined
range, and/or detects any abnormal behavior. The flow meter,
in response to an alarm or condition, may cause the flow meter
to stop fluid flow, instruct a valve to stop fluid flow, instruct a
safety valve to stop fluid flow, notify a monitoring client or
remote communicator, broadcast the detected condition, or
perform a predefine routine or algorithm.
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In certain embodiments of the present disclosure, an appa-
ratus for regulating fluid flow includes a curved, elongated
support member and an opposing support member. The
curved, elongated support member is elastically deformable
and has first and second ends. The opposing support member
is configured to position a tube against the curved, elongated
support member between the first and second ends such that
deformation of the curved, elongated support member by
movement of the first and second ends toward each other
reduces an internal volume of the tube. The opposing support
member may be another curved, elongated support member.

The apparatus may include an actuator coupled to the
curved, elongated support member to deform the curved,
elongated support member by movement of the first and
second ends toward each other by actuation of the actuator. In
some such embodiments, the actuator may be a lead screw,
and a knob may be coupled to the lead screw to actuate the
lead screw.

The actuator, the curved, elongated support member, and
the opposing support member may be configured to regulate
the fluid flow by actuation of the actuator in accordance with
a Gompertz curve. The actuator may be further configured, in
some embodiments, to actuate the first and second ends
toward each other along a predetermined portion of the
Gompertz curve. For example, the actuator may only actuate
the actuator along a portion of the actuatable range of the
curved, elongated support member and the opposing support
member.

The actuator, the curved, elongated support member, and
the opposing support member may be configured to regulate
the fluid flow by actuation of the actuator in accordance with
a sigmoid curve. The actuator may be further configured to
actuate the first and second ends toward each other along a
predetermined portion of the sigmoid curve.

The curved, elongated support member may be semi-rigid
and/or may consist essentially of a stretchable material. The
curved, elongated support member may be an arcuate, elon-
gated support member, and/or may be C-shaped.

The apparatus may further comprise an elongated connect-
ing member operatively coupled to the first and second ends
of'the curved, elongated support member.

In certain embodiments of the present disclosure, the appa-
ratus may comprise an actuator coupled to the elongated
connecting member and the curved, elongated support mem-
ber to apply an outward expanding force to thereby deform
the first and second ends of the curved, elongated support
members toward each other.

In certain embodiments of the present disclosure, the
curved, elongated support member is disposed about parallel
to the another curved, elongated support member along a
substantial portion thereof. For example, the curved, elon-
gated support member defines a length, and the another
curved, elongated support member defines a length and the
length of the another curved, elongated support member is
disposed approximately parallel with the length ofthe curved,
elongated support member.

In certain embodiments of the present disclosure, the appa-
ratus includes an actuator operatively coupled to the curved,
elongated support member at the first and second ends, and to
the another curved, elongated support member at first and
second ends. The actuation of the actuator causes the first and
second ends of the curved, elongated support member to
approach each other and also causes the first and second ends
of'the another curved, elongated support member to approach
each other to thereby cause a reduction in distance between
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the curved, elongated support member and the another
curved, elongated support member to thereby compress the
tube.

In certain embodiments of the present disclosure, the
curved, elongated support member defines a length, and the
opposing support member is disposed orthogonally from the
length along a portion thereof.

In certain embodiments of the present disclosure, the
curved, elongated support member includes a plurality of
ridges disposed thereon to engage the tube.

In certain embodiments of the present disclosure, the
opposing support member includes a plurality of ridges dis-
posed thereon configured to engage the tube.

In certain embodiments of the present disclosure, the
curved, elongated support member includes a flange extend-
ing from a length thereof configured to hold the tube. The
opposing support member may include another flange
extending from a length thereof configured to hold the tube
such that the flange and the another flange are about parallel
to each other and are about parallel to a central axis defined by
the tube when the tube is disposed therebetween.

In certain embodiments of the present disclosure, an appa-
ratus for regulating fluid flow includes a first elongated sup-
port member, a second elongated support member, and an
actuator. The first elongated support member defines a length,
and the second elongated support member also defines its
own length such that the length of the second elongated
support member is disposed in spaced relation with the length
of the first elongated support member to cooperate with the
first elongated support member to compress a tube. The
actuator is in mechanical engagement with at least one of the
first and second elongated support members to actuate the
first and second elongated support members toward each
other to thereby compress a tube disposed therebetween to
regulate flow of fluid within the tube such that actuation of the
actuator actuates the first and second elongated support mem-
bers to regulate fluid flow within the tube in accordance with
an approximate sigmoid curve.

The length of the second elongated support member may
be disposed about parallel to the length of the first elongated
support member. The first and second elongated support
members may be configured to cooperate with each other to
compress the tube along a length of the tube at least substan-
tially greater than the diameter of the tube. The actuator may
be configured to actuate the first and second elongated sup-
port members to compress the tube to regulate fluid flow
within the tube along a predetermined portion of the sigmoid
curve.

In certain embodiments of the present disclosure, an appa-
ratus for regulating fluid flow includes first and second elon-
gated support members. The first elongated support member
defines a length and the second elongated support member
defines a length. The length of the second elongated support
member is disposed in spaced relation with the length of the
first elongated support member to cooperate with the first
elongated support member to compress a tube. The actuatoris
in mechanical engagement with at least one of the first and
second elongated support members to actuate the first and
second elongated support members toward each other to
thereby compress a tube disposed therebetween to regulate
flow of fluid within the tube such that actuation of the actuator
actuates the first and second elongated support members to
regulate fluid flow within the tube in accordance with an
approximate Gompertz curve.

The length of the second elongated support member may
be disposed about parallel to the length of the first elongated
support member. The first and second elongated support
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members may be configured to cooperate with each other to
compress the tube along a length at least substantially greater
than the diameter of the tube.

The actuator may be configured to actuate the first and
second elongated support members to compress the tube to
regulate fluid flow within the tube in accordance with a pre-
determined portion of the Gompertz curve.

In certain embodiments of the present disclosure, an appa-
ratus for regulating fluid flow includes first and second elon-
gated support members. The first elongated support member
defines a length, and the second elongated support member
defines a length such that the length of the second elongated
support member is disposed in spaced relation with the length
of the first elongated support member to cooperate with the
first elongated support member to compress a tube. The
actuator is in mechanical engagement with at least one of the
first and second elongated support members to actuate the
first and second elongated support members toward each
other to thereby compress a tube disposed therebetween to
regulate flow of fluid within the tube such that actuation of the
actuator actuates the first and second elongated support mem-
bers to regulate fluid flow within the tube in accordance with
an approximate generalized logistic function.

The length of the second elongated support member may
be disposed about parallel to the length of the first elongated
support member. The first and second elongated support
members may be configured to cooperate with each other to
compress the tube along a length of the tube at least substan-
tially greater than the diameter of the tube. The actuator may
be further configured to actuate the first and second elongated
support members to compress the tube to regulate fluid flow
within the tube in accordance with a predetermined portion of
the generalized logistic function.

In certain embodiments of the present disclosure, an appa-
ratus for regulating fluid flow includes first and second sup-
port members, and an actuator. The first support member
forms at least one of an arc, a plurality of arcs, a curve, a
plurality of curves, an arcuate shape, a plurality of arcuate
shapes, an S-shape, a C-shape, a convex shape, a plurality of
convex shapes, and a concave shape. The second support
member is disposed in spaced relation with the first support
member to cooperate with the first support member to com-
press a tube along a length of the tube at least substantially
greater than the diameter of the tube. The actuator is in
mechanical engagement with at least one of the first and
second support members to actuate the first and second sup-
port members toward each other to thereby compress a tube
disposed therebetween to regulate flow of fluid within the
tube such that actuation of the actuator actuates the first and
second support members to regulate fluid flow within the tube
in accordance with an approximate nonlinear function.

The approximate nonlinear function may be an approxi-
mate generalized logistic function, an approximate sigmoid
curve, and/or an approximate Gompertz curve. The actuator
may be configured to actuate to thereby regulate the fluid flow
within the tube in accordance with a predetermined portion of
the approximate nonlinear function.

In certain embodiments of the present disclosure, the first
support member forms an arc, has a shape consisting essen-
tially of an arc, forms a plurality of arcs, has a shape consist-
ing essentially ofa plurality of arcs, forms a curve, has ashape
consisting essentially of a curve, forms a plurality of curves,
has a shape consisting essentially of a plurality of curves,
forms an arcuate shape, has a shape consisting essentially of
an arcuate shape, forms a plurality of arcuate shapes, has a
shape consisting essentially of a plurality of arcuate shapes,
forms an S-shape, has a shape consisting essentially of an
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S-shape, forms a C-shape, has a shape consisting essentially
of' a C-shape, forms a convex shape, has a shape consisting
essentially of a convex shape, forms a plurality of convex
shapes, has a shape consisting essentially of a plurality of
convex shapes, forms a concave shape, has a shape consisting
essentially of a concave shape, forms a plurality of concave
shapes, and/or has a shape consisting essentially of a plurality
of concave shapes.

A length of the second support member may be disposed
about parallel to a length of the first support member. The first
and second support members may be configured to cooperate
with each other to compress the tube along a length of the tube
at least substantially greater than the diameter of the tube.

In certain embodiments of the present disclosure, an appa-
ratus for regulating fluid flow includes a curved, elongated
support member and an opposing support member. The
curved, elongated support member is elastically deformable
and has first and second ends. The opposing support member
is configured to define a conduit with the curved, elongated
support member such that the conduit is defined between the
curved, elongated support member and the opposing mem-
ber; Deformation of the curved, elongated support member
by movement of the first and second ends toward each other
reduces an internal volume of the conduit. In some embodi-
ments, the conduit may be configured to receive a tube. In yet
additional embodiments, the conduit is fluidly sealed, and the
apparatus further comprises first and second ports in fluid
communication with the conduit such that each port is
adapted for being coupled to a tube.

In certain embodiments of the present disclosure, a system
for regulating fluid flow includes a flexible tube and an
inverse-Bourdon-tube valve. The flexible fluid tube has a fluid
path and is configured for passing fluid therethrough. The
inverse-Bourdon-tube valve is coupled to the flexible fluid
tube to regulate the fluid flowing through the fluid path of the
flexible fluid tube. An actuator may be coupled to the inverse-
Bourdon-tube valve to actuate the inverse-Bourdon-tube
valve to regulate the fluid flowing through the fluid path of the
flexible fluid tube. An inverse-Bourdon-tube valve works in
an opposite way of a Bourdon tube in that a deformation of the
fluid path causes changes in fluid flow rather than fluid flow
causing deformation of the fluid path.

In certain embodiments of the present disclosure, a system
for regulating fluid flow includes a fluid tube, a valve, and an
actuator. The fluid tube defines a fluid path configured for
passing fluid therethrough. The valve is operatively coupled
to the fluid tube and includes first and second flexible mem-
bers. The second flexible member is operatively coupled to
the first flexible member. The fluid tube is disposed between
the first and second flexible members, and the first and second
flexible members are configured to flex to thereby regulate
flow of fluid passing through the fluid tube. The actuator is
coupled to at least a first end of the first flexible member and
a second end of the first flexible member. The actuator may be
a lead screw and there may be an electrically powered motor
coupled to the lead screw to turn the lead screw.

In certain embodiments of the present disclosure, the sys-
tem may include a knob coupled to the lead screw such that
the knob is configured to rotate the lead screw. The knob may
be engaged by a motor-driven actuator.

In certain embodiments of the present disclosure, the
actuator is coupled to a first end of the first flexible member
and a second end of'the first flexible member, and the actuator
is configured to at least one of flex the first and second ends
toward each other and flex the first and second ends away
from each other. The actuator may flex the first and second
ends away from each other and/or the actuator flexes the first
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and second flexible members such that the first and second
ends approach each other. The first and second flexible mem-
bers may be generally rectangular. The first member and/or
the second member may be tensioned to at least substantially
stop fluid flow when the actuator ceases application of a force.

The system may include a flow meter coupled to a drip
chamber that is coupled to the fluid tube such that the flow
meter estimates fluid flow through the drip chamber and
therefore also estimate fluid flow through the fluid tube. The
flow meter may be an image-sensor-based, flow meter.

The flow meter may be operatively coupled to a motor to
actuate the valve, and the system may include a control com-
ponent to control the motor to actuate the valve to achieve a
desired flow rate as estimated by the flow meter.

In certain embodiments of the present disclosure, an appa-
ratus for regulating fluid flow includes first and second
C-shaped members. The first C-shaped member defines inner
and outer surfaces, and the second C-shaped member defines
inner and outer surfaces. At least one of the outer surface of
the first C-shaped member and the inner surface of the second
C-shaped member is configured to receive a tube. The inner
surface of the second C-shaped member is disposed in spaced
relation to the outer surface of the first C-shaped member. A
substantial area of the inner surface of the second C-shaped
member may, in some specific embodiments, abut the outer
surface of the first C-shaped member.

In certain embodiments of the present disclosure, the sec-
ond C-shaped member is flexible and the first C-shaped mem-
ber is semi-rigid, is rigid, and/or is an elastomer.

A flexible member may be formed from a material selected
from the group consisting of a plastic, a polymer, a monomer,
a polypropylene, a thermoplastic polymer, a ceramic, a poly-
vinyl chloride, and a polyethylene.

In certain embodiments of the present disclosure, an appa-
ratus for regulating fluid flow includes first and second flex-
ible sheets. The second flexible sheet is operatively coupled to
the first flexible sheet. The first and second flexible sheets are
configured to receive a fluid tube therebetween, and the first
and second flexible sheets are also configured to flex to
thereby regulate flow of fluid passing through the fluid tube.

The apparatus may include an actuator coupled to a first
end of the first flexible sheet and a second end of the first
flexible sheet. The actuator may be configured to at least one
of flex the first and second ends toward each other and flex the
first and second ends away from each other.

The apparatus may include a lead screw coupled to a first
end of the first flexible sheet and a second end of the first
flexible sheet, and a knob coupled to the lead screw such that
rotation of the knob rotates the lead screw. The knob may be
configured for engagement with a motor-driven actuator
whereby the motor-driven actuator actuates the knob.

In certain embodiments of the present disclosure, an appa-
ratus for regulating fluid flow includes first and second curve-
shaped members. The first curve-shaped member defines
inner and outer surfaces, and the second curve-shaped mem-
ber also defines inner and outer surfaces. The inner surface of
the second curve-shaped member is disposed in spaced rela-
tion to the outer surface of the first curve-shaped member.

At least one of the first and second curve-shaped members
may be configured to position a fluid tube therebetween. The
first curve-shaped member may be at least one of semi-rigid
and rigid. The second curve-shaped member may be flexible.
The second curve-shaped member may comprise an elas-
tomer. The first and second curve-shaped members may be
flexible.

The apparatus may comprise a connecting member opera-
tively coupled to at least one of a first end of the first curve-
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shaped member and a first end of the second curve-shaped
member such that the connecting member is also operatively
coupled to at least one of a second end of the first curve-
shaped member and a second end of the second curve-shaped
member. The connecting member may be flexible, may be
rigid, and/or may be semi-rigid.

The apparatus may include an actuator positioned between
the connecting member and the second curve-shaped member
to apply a force therebetween when actuated. The actuator
may be a lead screw.

In certain embodiments of the present disclosure, an appa-
ratus for regulating fluid flow includes first and second curve-
shaped members. The first curve-shaped member defines
inner and outer surfaces. The first curve-shaped member has
first and second receiving members at opposite ends of the
first curve-shaped member. The second curve-shaped mem-
ber defines inner and outer surfaces. The second curve-
shaped member has first and second fasteners at opposite ends
of the second curve-shaped member. At least one of the first
and second fasteners may be a hook. The first receiving mem-
ber of the first curve-shaped member is configured to engage
the first fastener of the second curve-shaped member, and the
second receiving member of the first curve-shaped member is
configured to engage the second fastener of the second curve-
shaped member.

At least one of the receiving members may be a cylindri-
cally-shaped member, such as a barrel nut, configured for
coupling to a hook.

At least one of the receiving members may be operatively
coupled to an actuator. One or more of the receiving members
may be operatively coupled to an electric motor.

In certain embodiments of the present disclosure, the appa-
ratus further includes an electric motor coupled to the first
receiving member such that: (1) the electric motor turns a
rotor coupled to a shaft having threads on an outer surface
thereof; (2) the second receiving member defines a threaded
hole configured to receive the shaft; and (3) the threaded hole
and shaft cooperate together to at least one of increase or
decrease the distance between the first and second receiving
members when the electric motor rotates the rotor to thereby
rotate the shaft.

In certain embodiments of the present disclosure, an appa-
ratus for regulating fluid flow includes first and second
curved, elongated support members. The first curved, elon-
gated support member is elastically deformable and has first
and second ends. The second curved, elongated support mem-
ber is elastically deformable and has first and second ends.
The second curved, elongated support member is configured
to position a tube against the first curved, elongated support
such that deformation of the first and second curved, elon-
gated support members by movement of the first and second
ends of the first curved, elongated support member toward
each other reduces an internal volume of the tube.

The first connector is coupled to the first end of the first
curved, elongated support member and is also coupled to the
first end of the second curved, elongated support member.
The second connector is coupled to the second end of'the first
curved, elongated support member and is also coupled to the
second end of the second curved, elongated support member.
The second connector defines a hole. The connecting member
has an end coupled to the first connector and another end
configured for insertion into the hole of the second connector.
The connecting member defines a threaded rod at least along
aportion thereof. The knob has a ratchet configured to ratchet
onto the connector member when moved from the another
end of the connecting member toward the end of the connect-
ing member. The knob is further configured to engage the
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threaded rod of the connecting member. The knob may
include a plurality of fingers configured to engage the
threaded rod of the connecting member. The knob defines an
outer periphery and includes a hole defined at the center of the
outer periphery of the knob. The hole is configured to receive
the threaded rod. The plurality of fingers each arc to engage
the threaded rod at a respective end of each of the plurality of
fingers.

The first curved, elongated support member defines a first
hole adjacent to the first end of the first curved, elongated
support member. The hole is configured to hold a fluid tube.

The first curved, elongated support member may define a
first notch adjacent to the first end of the first curved, elon-
gated support member such that the notch is configured to
receive a fluid tube. The notch may include a neck configured
to receive the fluid tube and a circular region configured to
retain the fluid tube.

In certain embodiments of the present disclosure, an appa-
ratus for regulating fluid flow includes a base, a plurality of
fingers, and a ring. The base defines a hole configured to
receive a fluid tube. The plurality of fingers each has an end
coupled to the base. The ring is configured to slide from the
base and along the plurality of fingers. Movement of the ring
away from the base and toward the fingers compresses the
fingers against the tube. The ring is configured to frictionally
lock against the plurality of fingers. Each finger includes an
elongated end coupled to the base and a curved end coupled to
an opposite end relative to the base.

In certain embodiments of the present disclosure, an appa-
ratus for regulating fluid flow includes a conically-shaped
member, a complementing member, and an actuator. The
conically-shaped member has a surface for wrapping a tube
therearound. The complementing member is configured to
engage the conically-shaped member for compressing the
tube. The actuator is configured to compress the conically-
shaped member against the complementing member to
thereby compress the tube.

In certain embodiments of the present disclosure, an intra-
venous administration set includes: a flexible tube for direct-
ing fluid flow therewithin; a first port at a first end of the
flexible tube; a second port at a second end of the flexible
tube; a curved, elongated support member elastically deform-
able and having first and second ends; and an opposing sup-
port member configured to position the flexible tube against
the curved, elongated support member between the first and
second ends such that deformation of the curved, elongated
support member by movement of the first and second ends
toward each other reduces an internal volume of the tube.

The intravenous administration set may further include a
drip chamber coupled to the flexible tube, another port con-
figured to receive a syringe for injection of fluid into the fluid
flow within the flexible tube, and/or a slide occluder coupled
to the flexible tube configured to engage the flexible tube to
occlude fluid flow therewithin.

The first end of the curved, elongated support member may
define a first hole to receive the flexible tube, and the second
end of the curved, elongated support member may define a
second hole to receive the flexible tube.

In certain embodiments of the present disclosure, a flow
meter includes a coupler, a support member, first and second
image sensors, and at least one processor. The coupler is
adapted to couple to a drip chamber. The support member is
operatively coupled to the coupler. The first image sensor has
a first field of view and is operatively coupled to the support
member. The first image sensor is positioned to view the drip
chamber within the first field of view. The second image
sensor has a second field of view and is operatively coupled to
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the support member. The second image sensor is positioned to
view the drip chamber within the second field of view.

The at least one processor is operatively coupled to the first
and second image sensors. The at least one processor receives
a first image data from the first image sensor and a second
image data from the second image sensor, and the at least one
processor estimates at least one parameter of the liquid within
the drip chamber using the first and second image data.

The at least one parameter may be one of a type of forma-
tion of the liquid, the volume of the liquid, and the shape of the
liquid. The at least one processor may determine an existence
of a free flow condition using at least one of the first and
second sets of image data.

The flow meter may further include a background pattern
positioned within the field of view of the first image sensor
such that the drip chamber is between the first image sensor
and the background pattern.

The at least one processor of the flow meter may estimate
the at least one parameter using the first set of image data by
analyzing a distortion of the background pattern caused by
the liquid within the first field of view as viewed by the first
image sensor. The background pattern may be an array of
lines having at least one angle relative to an opening of the
drip chamber when viewed from the first image sensor within
the first field of view using the first set of image data.

The at least processor may determine a free flow condition
exists when the liquid causes the array of lines to change
angles by distortion caused by the liquid when in the free flow
condition as viewed within the first field of view from the first
image sensor.

The at least one processor may compare at least one of the
first and second image datato abackground image to estimate
the at least one parameter.

The at least one processor may compare at least one of the
first and second image data to the background image by
calculating at least one of a difference between the at least one
of'the first and second image data to the background image, an
absolute difference between the at least one of the first and
second image data to the background image, and/or a squared
absolute difference between the at least one of the first and
second image data to the background image.

The flow meter may include a non-transitory, processor-
readable memory in operative communication with the at
least one processor such that the memory stores an operative
set of processor executable instructions configured for execu-
tion by the at least one processor. The operative set of pro-
cessor executable instructions, when executed by the at least
one processor, controls the operation of the at least one pro-
Cessor.

In certain embodiments of the present disclosure, a flow
meter includes a coupler, a support member, a background
pattern, and at least one processor. The coupler is adapted to
couple to a drip chamber. The support member is operatively
coupled to the coupler. The image sensor has a field of view
and is operatively coupled to the support member. The image
sensor is positioned to view the drip chamber within the field
of'view. The background pattern is positioned within the field
of view of the image sensor. The background pattern is posi-
tioned such that the drip chamber is between the background
pattern and the image sensor. The at least one processor is
operatively coupled to the image sensor to receive image data
therefrom. The at least one processor is configured to estimate
at least one parameter of liquid within the drip chamber using
distortion of the background pattern caused by the liquid as
indicated by the image data. The distortion is viewable within
the field of view of the image sensor by the image sensor. The
at least one parameter is at least one of a type of formation of
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the liquid, a volume of the liquid, and a shape of the liquid.
The background pattern may be an array of lines having at
least one angle relative to an opening of the drip chamber
when viewed from the image sensor using the image data.

The at least one processor may determine an existence of a
free flow condition using the distortion of the background
pattern caused by the liquid as indicated by the image data.
The at least processor may determine that a free flow condi-
tion exists when the liquid causes the array of lines to change
angles by distortion caused by the liquid when in the free flow
condition as viewed within the field of view of the image
sensor.

The flow meter may further include a non-transitory, pro-
cessor-readable memory in operative communication with
the atleast one processor. The non-transitory, processor-read-
able memory may store an operative set of processor execut-
able instructions configured for execution by the at least one
processor such that the operative set of processor executable
instructions, when executed by the at least one processor,
controls the operation of the at least one processor.

In certain embodiments of the present disclosure, a flow
meter includes a coupler, a support member, an image sensor,
and at least one processor. The coupler is adapted to couple to
adrip chamber. The support member is operatively coupled to
the coupler. The image sensor has a field of view and is
operatively coupled to the support member such that the
image sensor is positioned to view the drip chamber within
the field of view. The at least one processor is operatively
coupled to the image sensor to receive image data therefrom
such that the at least one processor compares an image of the
image data to a reference image to estimate at least one
parameter of liquid within the drip chamber. The reference
image may be a dynamic reference image. The at least one
processor may update the reference image by multiplying
each pixel of the reference image by a first constant and
adding a corresponding pixel of the image multiplied by a
second constant.

The flow meter may include a non-transitory, processor-
readable memory in operative communication with the at
least one processor. The non-transitory, processor-readable
memory may include an operative set of processor executable
instructions configured for execution by the at least one pro-
cessor such that the operative set of processor executable
instructions, when executed by the at least one processor,
controls the operation of the at least one processor.

In certain embodiments of the present disclosure, a method
for exposing an image sensor implemented by an operative
set of processor executable instructions configured for execu-
tion by at least one processor includes: selecting a region of
interest; determining if a pixel is within the region of interest;
activating a light ofa backlight if the pixel is within the region
of interest; and exposing the pixel. The activating act may
activate a subset of lights including the light of the backlight.
The light of the backlight may form a uniform backlight. The
image sensor may include the region of interest and the pixel.

The operative set of processor executable instructions may
be stored on a non-transitory, processor-readable memory in
operative communication with the at least one processor such
that the at least one processor can perform the method.

The at least one processor may be coupled to an image
sensor such that the at least one processor performs the
method using the image sensor. The region of interest may be
a region of the image sensor that images a drip chamber. The
region of interest may correspond to the drip chamber.

The method may further include: receiving a vertical sync
signal from the image sensor; and receiving a horizontal sync
signal from the image sensor. The at least one processor may
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receive the vertical and horizontal sync signals from the
image sensor. The atleast one processor may activate the light
of'the backlight in accordance with at least one of the vertical
and horizontal sync signals. The light may be a light-emitting
diode.

In certain embodiments of the present disclosure, a flow
meter includes a coupler, a support member, an image sensor,
abacklight, and at least one processor. The coupler is adapted
to couple to a drip chamber. The support member operatively
couples to the coupler. The image sensor has a field of view
and is operatively coupled to the support member such that
the image sensor is positioned to view the drip chamber
within the field of view. The backlight has at least one light.
The backlight is coupled to the support member such that the
backlight is adapted to illuminate the image sensor to expose
the image sensor. The field of view ofthe image sensor at least
partially images at least a portion of the drip chamber. The
least one processor is operatively coupled to the image sensor
to receive image data therefrom.

The at least one processor is configured to: select a region
of interest of the image sensor; determine if a pixel of the
image sensor is within the region of interest; activate the light
of the backlight if the pixel of the image sensor is within the
region of interest; and expose the pixel of the image sensor.

The flow meter may further include a non-transitory, pro-
cessor-readable memory readable by the at least one proces-
sor. The non-transitory, processor-readable memory includes
an operative set of processor executable instructions stored
thereon configured to cause the at least one processor, when
executed, to: select the region of interest of the image sensor;
determine if the pixel of the image sensor is within the region
ofinterest; activate the light of the backlight if the pixel of the
image sensor is within the region of interest; and expose the
pixel of the image sensor. The at least one processor may be
further configured to: receive a vertical sync signal from the
image sensor, and receive a horizontal sync signal from the
image sensor. The atleast one processor may activate the light
of'the backlight in accordance with at least one of the vertical
and horizontal sync signals.

The at least one processor may select the region of interest
and determine if the pixel of the image sensor is within the
region of interest in accordance with the image data. The
region of interest is a region of the image sensor that images
the drip chamber. The region of interest may correspond to the
drip chamber.

The at least one processor may activate a subset of lights
including the light of the backlight. The light of the backlight
may form a uniform backlight.

In certain embodiments of the present disclosure, a method
includes: capturing an image including an image of a drip
chamber using an image sensor having a field of view includ-
ing the drip chamber; subtracting the image from a back-
ground image to thereby generate a difference image; con-
verting each pixel of the difference image to a true value if an
absolute value of a respective pixel is beyond a predetermined
threshold or to a false value if the absolute value of the
respective pixel is less than the predetermined threshold;
summing each row of the converted difference image to gen-
erate a plurality of summation values, wherein each summa-
tion value of the plurality of summation values corresponds to
arespective row of the converted difference image; and exam-
ining the plurality of summation values. The method may be
implemented by an operative set of processor executable
instructions stored on a non-transitory, processor-readable
memory in operative communication with at least one pro-
cessor such that the at least one processor performs the
method.
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The act of examining the plurality of summation values
may include determining if a free flow condition exists within
the drip chamber.

The act of determining if the free flow condition exists may
include determining if the plurality of summation values
includes a plurality of contiguous summation values above
another predetermined threshold.

The act of examining the plurality of summation values
may include determining if a drop has been formed within the
drip chamber.

The act of determining if the drop has been formed within
the drip chamber may include determining if the plurality of
summation values includes a plurality of contiguous summa-
tion values within a predetermined range greater than a mini-
mum value and less than a maximum value.

The method may optionally include smoothing the plural-
ity of summation values prior to the examining act. The
smoothing act may be in accordance with at least one of a
spline function, a cubic spline function, a B-spline function, a
Bezier spline function, a polynomial interpolation, a moving
average, a data smoothing function, and a cubic-spline-type
function.

The at least one processor may optionally be coupled to the
image sensor, and the at least one processor may perform the
method using the image sensor.

The method may optionally include the act of converting
each pixel of the difference image to an absolute value of each
pixel after the subtracting act and prior to the converting act.

The method may optionally include the act of converting
each pixel of the difference image to a squared value of each
pixel after the subtracting act and prior to the converting act.

In certain embodiments of the present disclosure, a flow
meter includes a coupler, a support member, a light, and at
least one processor. The coupler is adapted to couple to a drip
chamber. The support member is operatively coupled to the
coupler. The image sensor has a field of view and is opera-
tively coupled to the support member such that the image
sensor is positioned to view the drip chamber within the field
of view. The light is coupled to the support member and is
adapted to illuminate the image sensor to expose the image
sensor such that the field of view of the image sensor at least
partially images at least a portion of the drip chamber.

The at least one processor is operatively coupled to the
image sensor to receive image data therefrom, and the at least
one processor is configured to: capture an image including an
image of'a drip chamber using the image sensor having a field
of view including the drip chamber; subtract the image from
a background image to thereby generate a difference image;
convert each pixel of the difference image to a true value if an
absolute value of a respective pixel is beyond a predetermined
threshold or to a false value if the absolute value of the
respective pixel is less than the predetermined threshold; sum
each row of the converted difference image to generate a
plurality of summation values, wherein each summation
value of the plurality of summation values corresponds to a
respective row of the converted difference image; and exam-
ine the plurality of summation values.

The flow meter may include a non-transitory, processor-
readable memory readable by the at least one processor such
that the non-transitory, processor-readable memory includes
an operative set of processor executable instructions stored
thereon configured to cause the at least one processor, when
executed, to: capture the image including the image of a drip
chamber using the image sensor having a field of view includ-
ing the drip chamber; subtract the image from the background
image to thereby generate the difference image; convert each
pixel of the difference image to the true value if the absolute
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value of the respective pixel is beyond the predetermined
threshold or to the false value if the absolute value of the
respective pixel is less than the predetermined threshold; sum
each row of the converted difference image to generate the
plurality of summation values, wherein each summation
value of the plurality of summation values corresponds to the
respective row of the converted difference image; and exam-
ine the plurality of summation values.

The at least one processor may be further configured to
determine ifa free flow condition exists within the drip cham-
ber when the processor examines the plurality of summation
values.

The at least one processor may be further configured to
determine if the plurality of summation values includes a
plurality of contiguous summation values above another pre-
determined threshold when the at least one processor deter-
mines if the free flow condition exists.

The at least one processor may be further configured to
determine if a drop has been formed within the drip chamber
when the at least one processor examines the plurality of
summation values.

The at least one processor may be further configured to
determine that a drop has been formed if the plurality of
summation values includes a plurality of contiguous summa-
tion values within a predetermined range greater than a mini-
mum value and less than a maximum value and a location of
the contiguous summation values corresponds to a predeter-
mined range of locations in which a drop can form.

The at least one processor may be further configured to
smooth the plurality of summation values prior to when the at
least one processor examines the plurality of summation val-
ues.

The at least one processor may smooth in accordance with
at least one of a spline function, a cubic spline function, a
B-spline function, a Bezier spline function, a polynomial
interpolation, a moving average, a data smoothing function,
and/or a cubic-spline-type function.

The flow meter may further include a non-transitory, pro-
cessor-readable memory having an operative set of processor
executable instructions stored thereon. The non-transitory,
processor-readable memory is in operative communication
with at least one processor such that the operative set of
processor executable instructions controls the operation of
the at least one processor.

The at least one processor may be further configured to
convert each pixel of the difference image to an absolute value
of each pixel after the subtraction act and prior to the conver-
sion.

The at least one processor may be further configured to
convert each pixel of the difference image to a squared value
of each pixel after the subtraction act and prior to the conver-
sion.

In certain embodiments of the present disclosure, a method
includes: capturing an image of a drip chamber using an
image sensor; identifying a plurality of pixels of interest
within the image; determining a subset of pixels within the
plurality of pixels of interest, wherein each pixel of the plu-
rality of pixels is determined to be within the subset of pixels
when there is a path to a baseline corresponding to the drip
chamber; performing a rotation operation on the subset of
pixels; and estimating a volume of a drop within the drip
chamber by counting a number of pixels within the rotated
subset of pixels.

The baseline may be a predetermined set of pixels within
the image sensor. The plurality of pixels of interests may be
identified by comparing the image to a background image.
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The method may optionally include one or more of: initial-
izing the background image; updating the background image
using the image captured by the image sensor; updating an
array of variances using the image captured by the image
sensor; and/or updating an array of integers in according with
the image captured by the image sensor.

The background image may be updated in accordance
with:

P =P,

g
Qpacteground input, iy

i (1=0 )+

The array of variances may be updated in accordance with:
Otempzz(P background,ij L input,i,j)z

O ,zy'z:o = ,zy'z(l‘ﬁ

BoackgroundSemp -
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Each integer of the array of integers may correspond to a
number of updates of a pixel of the background image. In
some specific embodiments, the comparison of the image to
the background image only compares pixels within the image
to pixels within the background image if a respective integer
of'the array of integers indicates a respective pixel within the
background image has been updated at least a predetermined
number of times.

The method may optionally include one or more of: iden-
tifying a drop in the image and a predetermined band near an
edge of the drop; and initializing the background image by
setting each pixel of the background image to the image
unless it is within the identified drop or the predetermined
band near the edge of the drop.

The method may further include setting a pixel of the
background image to a predetermined value if a correspond-
ing pixel of the image is within the identified drop or the
predetermined band near the edge of the drop. The corre-
sponding pixel of the image has a location corresponding to
the pixel of the background image.

The method may further include determining a baseline
corresponding to an opening of the drip chamber.

The act of determining a subset of pixels within the plural-
ity of pixels of interest that corresponds to a drop may include
determining each ofthe plurality of pixels of interest is within
the subset of pixels if the respective pixel of the plurality of
pixels has a contiguous path back to the baseline of the drop
forming at an opening of the drip chamber.

The method may optionally include one or more of: cap-
turing a first image using the image sensor; identifying the
drop within the first image and a predetermined band near an
edge of'the drop; initializing the background image by setting
each pixel to the first image unless it is within the identified
drop or the predetermined band near the edge of the drop;
setting pixels within the region of the drop or within the
predetermined band to a predetermined value; initializing an
array of integers; and initializing an array of variances.

The method may also include one or more of updating the
background image, the array of integers, and/or the array of
variances using the image.

In certain embodiments of the present disclosure, a flow
meter includes a coupler, a support member, an image sensor,
and at least one processor. The coupler is adapted to couple to
adrip chamber. The support member is operatively coupled to
the coupler. The image sensor has a field of view and is
operatively coupled to the support member. The image sensor
is positioned to view the drip chamber within the field of view.

The at least one processor is operatively coupled to the
image sensor to receive image data therefrom, and the at least
one processor is configured to: capture an image of a drip
chamber using the image sensor; identify a plurality of pixels
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of interest within the image; determine a subset of pixels
within the plurality of pixels of interest, wherein each pixel of
the plurality of pixels is determined to be within the subset of
pixels when there is a path to a baseline corresponding to the
drip chamber; perform a rotation operation on the subset of
pixels; and estimate a volume of a drop within the drip cham-
ber by counting a number of pixels within the rotated subset
of pixels.

The flow meter may also include a non-transitory, proces-
sor-readable memory having an operative set of processor
executable instructions stored thereon. The non-transitory,
processor-readable memory is in operative communication
with the at least one processor such that the operative set of
processor executable instructions controls the operation of
the at least one processor.

The flow meter may also include a non-transitory, proces-
sor-readable memory readable by the at least one processor
such that the non-transitory, processor-readable memory
includes an operative set of processor executable instructions
stored thereon configured to cause the at least one processor,
when executed, to: capture an image of a drip chamber using
the image sensor; identify a plurality of pixels of interest
within the image; determine a subset of pixels within the
plurality of pixels of interest, wherein each pixel of the plu-
rality of pixels is determined to be within the subset of pixels
when there is a path to a baseline corresponding to the drip
chamber; perform arotation operation on the subset of pixels;
and estimate a volume of a drop within the drip chamber by
counting a number of pixels within the rotated subset of
pixels.

The baseline may be a predetermined set of pixels within
the image sensor. The plurality of pixels of interests may be
identified by comparing the image to a background image.
The at least one processor may be further configured to ini-
tialize the background image and/or to update the background
image using the image captured by the image sensor.

The background image may be updated in accordance
with:

P P

&
Qg chgroundd imput.i -

(1= W

The at least one processor may be further configured to
update an array of variances using the image captured by the
image sensor.

The array of variances may be updated in accordance with:
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The at least one processor may be further configured to
update an array of integers in according with the image cap-
tured by the image sensor. Each integer of the array of integers
corresponds to a number of updates of a pixel of the back-
ground image.

Optionally, in some embodiments, the comparison of the
image to the background image only compares pixels within
the image to pixels within the background image if a respec-
tive integer of the array of integers indicates a respective pixel
within the background image has been updated at least a
predetermined number of times.

The at least one processor may be further configured to:
identify a drop in the image and a predetermined band near an
edge of the drop; and initialize the background image by
setting each pixel of the background image to the image
unless it is within the identified drop or the predetermined
band near the edge of the drop.
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The at least one processor may be further configured to set
apixel of the background image to a predetermined value if a
corresponding pixel of the image is within the identified drop
or the predetermined band near the edge of the drop.

In certain embodiments of the present disclosure, the cor-
responding pixel of the image has a location corresponding to
a location of the pixel of the background image.

The at least one processor may be further configured to
determine a baseline corresponding to an opening of the drip
chamber.

The at least one processor may be further configured to
determine whether each of the plurality of pixels of interest is
within the subset of pixels if the respective pixel of the plu-
rality of pixels has a contiguous path back to the baseline of
the drop forming at an opening of the drip chamber to deter-
mine if the subset of pixels are within the plurality of pixels of
interest that corresponds to a drop.

The at least one processor may be further configured to:
capture a first image using the image sensor; identify the drop
within the first image and a predetermined band near an edge
of the drop; initialize the background image by setting each
pixel to the first image unless it is within the identified drop or
the predetermined band near the edge of the drop; set pixels
within the region of the drop or within the predetermined
band to a predetermined value; initialize an array of integers;
and initialize an array of variances.

The at least one processor may be further configured to
update the background image, the array of integers, and/or the
array of variances using the image.

In certain embodiments of the present disclosure, a flow
meter includes an image sensor means and a flow rate esti-
mator means. The image sensor means is for capturing a
plurality of images of a drip chamber. The flow rate estimator
means is for estimating the flow of fluid through the drip
chamber using the plurality of images.

The flow rate estimator means may include a processor
means for estimating the flow of fluid through the drip cham-
ber using the plurality of images.

The flow meter may further include a memory means in
operative communication with the processor means to pro-
vide an operative set of processor executable instruction to
cause the processor means to estimate the flow of fluid
through the drip chamber using the plurality of images.

In certain embodiments of the present disclosure, a flow
meter includes: a memory means having an operative set of
processor executable instructions configured for being
executed; and a processor means for executing the operative
set of processor executable instructions for implementing a
flow rate estimator means for estimating the flow of fluid
through the drip chamber using the plurality of images.

In certain embodiments of the present disclosure, a method
includes: a step for capturing a plurality of images of a drip
chamber; and a step for estimating the flow of fluid through
the drip chamber using the plurality of images. The method
may be implemented by an operative set of processor execut-
able instructions stored on a non-transitory memory and
executed by at least one processor.

In certain embodiments of the present disclosure, an appa-
ratus includes: a coupler adapted to couple to a drip chamber;
a support member operatively coupled to the coupler; an
image sensor having a field of view and is operatively coupled
to the support member, wherein the image sensor is posi-
tioned to view the drip chamber within the field of view; a
valve configured to couple to a fluid tube in fluid communi-
cation with the drip chamber, wherein the valve is configured
to regulate flow through the fluid tube to thereby regulate the
fluid flow through the drip chamber; and at least one proces-
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sor operatively coupled to the image sensor to receive image
data therefrom, wherein the at least one processor is config-
ured to: capture a plurality of images of the drip chamber
using the image sensor; estimate a volume growth rate of a
drop within the drip chamber using the plurality of images;
receive a set point corresponding to a fluid flow rate through
the fluid tube; adjust a control system in accordance with the
estimated volume growth rate of the drop to achieve the set
point; and output a control signal from the control system to
an actuator of the valve to control actuation of the valve in
accordance with the adjusted control system.

The apparatus may include a non-transitory, processor-
readable memory having an operative set of processor execut-
able instructions stored thereon. The non-transitory, proces-
sor-readable memory may be in operative communication
with at least one processor such that the operative set of
processor executable instructions controls the operation of
the at least one processor.

The apparatus may include a non-transitory, processor-
readable memory readable by the at least one processor. The
non-transitory, processor-readable memory may include an
operative set of processor executable instructions stored
thereon configured to cause the at least one processor, when
executed, to: capture the plurality of images of the drip cham-
ber using the image sensor; estimate the volume growth rate
of the drop within the drip chamber using the plurality of
images; receive the set point corresponding to a fluid flow rate
through the fluid tube; adjust the control system in accor-
dance with the estimated volume growth rate of the drop to
achieve the set point; and output the control signal from the
control system to an actuator of the valve to control actuation
of the valve in accordance with the adjusted control system.

The control system may be at least one of a proportional-
integral-derivative control system, a proportional-integral
control system, a proportional-derivative control system, a
proportional control system, an integral control system, a
neural net control system, a fuzzy logic control system, and/
or a bang-bang control system.

The control system may correlate the estimated volume
growth rate of the drop with the fluid flow through the fluid
tube.

The valve may include: a curved, elongated support mem-
ber elastically deformable and having first and second ends;
and an opposing support member configured to position the
fluid tube against the curved, elongated support member
between the first and second ends, wherein deformation of the
curved, elongated support member by movement of the first
and second ends toward each other reduces an internal vol-
ume of the fluid tube. The actuator may be configured to move
the first and second ends toward each other.

The valve may include: a first elongated support member
defining a length; and a second elongated support member
defining a length, wherein the length of the second elongated
support member is disposed in spaced relation with the length
of the first elongated support member to cooperate with the
first elongated support member to compress the fluid tube.
The actuator may be in mechanical engagement with at least
one of the first and second elongated support members to
actuate the first and second elongated support members
toward each other to thereby compress the fluid tube disposed
therebetween to regulate flow of fluid within the fluid tube;
Actuation of the actuator actuates the first and second elon-
gated support members to regulate fluid flow within the tube
in accordance with an approximate sigmoid curve.

The valve may include: a first elongated support member
defining a length; and a second elongated support member
defining a length, wherein the length of the second elongated
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support member is disposed in spaced relation with the length
of the first elongated support member to cooperate with the
first elongated support member to compress the fluid tube.
The actuator is in mechanical engagement with at least one of
the first and second elongated support members to actuate the
first and second elongated support members toward each
other to thereby compress the fluid tube disposed therebe-
tween to regulate flow of fluid within the tube; Actuation of
the actuator actuates the first and second elongated support
members to regulate fluid flow within the fluid tube in accor-
dance with an approximate Gompertz curve.

The valve may include: a first elongated support member
defining a length; and a second elongated support member
defining a length, wherein the length of the second elongated
support member is disposed in spaced relation with the length
of the first elongated support member to cooperate with the
first elongated support member to compress the fluid tube.
The actuator is in mechanical engagement with at least one of
the first and second elongated support members to actuate the
first and second elongated support members toward each
other to thereby compress the fluid tube disposed therebe-
tween to regulate flow of fluid within the fluid tube; Actuation
of'the actuator actuates the first and second elongated support
members to regulate fluid flow within the tube in accordance
with an approximate generalized logistic function.

The valve may include: a first support member that forms at
least one of an arc, a plurality of arcs, a curve, a plurality of
curves, an arcuate shape, a plurality of arcuate shapes, an
S-shape, a C-shape, a convex shape, a plurality of convex
shapes, and a concave shape; and a second support member
disposed in spaced relation with the first support member to
cooperate with the first support member to compress the fluid
tube along a length of the fluid tube at least substantially
greater than the diameter of the fluid tube. The actuator in is
mechanical engagement with at least one of the first and
second support members to actuate the first and second sup-
port members toward each other to thereby compress the fluid
tube disposed therebetween to regulate flow of fluid within
the fluid tube; Actuation of the actuator actuates the first and
second support members to regulate fluid flow within the fluid
tube in accordance with an approximate nonlinear function.

The valve may include: a curved, elongated support mem-
ber elastically deformable and having first and second ends;
and an opposing support member configured to define a con-
duit with the curved, elongated support member. The conduit
is defined between the curved, elongated support member and
the opposing member. The fluid tube is disposed within the
conduit and deformation of the curved, elongated support
member by movement of the first and second ends toward
each other reduces an internal volume of the fluid tube within
the conduit.

The valve may be an inverse-Bourdon-tube valve coupled
to the fluid tube to regulate the fluid flowing through the fluid
path of the fluid tube.

The valve may include: a first flexible member; and a
second flexible member operatively coupled to the first flex-
ible member. The fluid tube may be disposed between the first
and second flexible members. The first and second flexible
members are configured to flex to thereby regulate flow of
fluid passing through the fluid tube, and the actuator is
coupled to at least a first end of the first flexible member and
a second end of the first flexible member.

The valve may include a first C-shaped member defining
inner and outer surfaces; and a second C-shaped member
defining inner and outer surfaces. At least one of the outer
surface of the first C-shaped member and the inner surface of
the second C-shaped member is configured to receive the
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fluid tube. The inner surface of the second C-shaped member
is disposed in spaced relation to the outer surface of the first
C-shaped member. The actuator is coupled to the first and
second C-shaped members to bend the first and second
C-shaped members to compress the fluid tube.

The valve may include: a first flexible sheet; and a second
flexible sheet operatively coupled to the first flexible sheet.
The first and second flexible sheets are configured to receive
the fluid tube therebetween. The first and second flexible
sheets are configured to flex to thereby regulate flow of fluid
passing through the fluid tube. The actuator is coupled to the
first and second flexible sheets to regulate flow of fluid pass-
ing through the fluid tube.

The valve may include: a first curve-shaped member defin-
ing inner and outer surfaces; and a second curve-shaped
member defining inner and outer surfaces. The inner surface
of the second curve-shaped member is disposed in spaced
relation to the outer surface of the first curve-shaped member
with the fluid tube disposed between the first and second
curved-shaped members, and the actuator is coupled to the
first and second curve-shaped members to bend the first and
second curve-shaped members to thereby regulate the flow of
fluid within the fluid tube.

The valve may include: a first curve-shaped member defin-
ing inner and outer surfaces, the first curve-shaped member
having first and second receiving members at opposite ends of
the first curve-shaped member; and a second curve-shaped
member defining inner and outer surfaces, the second curve-
shaped member having first and second fasteners at opposite
ends of the second curve-shaped member. The first receiving
member of the first curve-shaped member is configured to
engage the first fastener of the second curve-shaped member.
The second receiving member of the first curve-shaped mem-
ber is configured to engage the second fastener of the second
curve-shaped member. The actuator is coupled to the first and
second curve-shaped members to bend the first and second
curve-shaped members to regulate the flow of fluid within the
fluid tube disposed therebetween.

The valve may include: a first curved, elongated support
member elastically deformable and having first and second
ends; and a second curved, elongated support member elas-
tically deformable and having first and second ends, wherein
the second curved, elongated support member is configured
to position the fluid tube against the first curved, elongated
support member, wherein deformation of the first and second
curved, elongated support members by movement of the first
and second ends of the first curved, elongated support mem-
ber toward each other reduces an internal volume of the fluid
tube; a first connector coupled to the first end of the first
curved, elongated support member and coupled to the first
end of the second curved, elongated support member; a sec-
ond connector coupled to the second end of the first curved,
elongated support member and coupled to the second end of
the second curved, elongated support member, wherein the
second connector defines a hole; a connecting member hav-
ing an end coupled to the first connector and another end
configured for insertion into the hole of the second connector,
wherein the connecting member defines a threaded rod at
least along a portion thereof; and a knob having a ratchet
configured to ratchet onto the connecting member when
moved from the another end of the connecting member
toward the end of the connecting member, wherein the knob
is further configured to engage the threaded rod of the con-
necting member; The actuator may be coupled to the knob to
rotate the knob.

The valve may include: a base defining a hole configured to
receive the fluid tube; a plurality of fingers each having an end
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coupled to the base; and a ring configured to slide from the
base and along the plurality of fingers. Movement of the ring
from the base compresses the fingers against the fluid tube.
Thering is configured to frictionally lock against the plurality
of fingers. The actuator is coupled to the ring to slide the ring.

The valve may include: a conically-shaped member having
a surface for wrapping the fluid tube therearound; and a
complementing member configured to engage the conically-
shaped member for compressing the tube. The actuator is
configured to compress the conically-shaped member against
the complementing member to thereby compress the fluid
tube.

The control system may be implemented in hardware, soft-
ware, a combination of hardware and software, and/or by at
least one operational amplifier.

The apparatus may include a non-transitory, processor-
readable memory, wherein: the control system is imple-
mented by an operative set of processor executable instruc-
tions configured for execution by the at least one processor,
the operative set of processor executable instructions is stored
on the non-transitory, processor-readable memory, and the
non-transitory, processor-readable memory is in operative
communication with the at least one processor to operatively
communicate the operative set of processor executable
instructions to the at least one processor for execution by the
at least one processor.

The set point may be compared to the volume growth rate
of'the drop to adjust the control system. The set point may be
compared to the volume growth rate of the drop to determine
an error signal. The error signal may be the difference
between the set point and the volume growth rate of the drop.
The error signal may be passed through a signal processing
apparatus to generate the output signal. The signal processing
apparatus may implement a proportional-integral-derivative
controller with at least one non-zero gain parameter.

In another embodiment of the present disclosure, an appa-
ratus for regulating fluid flow includes a curved, elongated
support member and an opposing support member. The
curved, elongated support member is elastically deformable
and has first and second ends. The first end is configured to
pivotally couple to first and second dog bone linkers, and the
second end is configured to pivotally couple to third and
fourth dog bone linkers. The opposing support member is
configured to position a tube against the curved, elongated
support member between the first and second ends such that
deformation of the curved, elongated support member by
movement of the first and second ends toward each other
reduces an internal cross-section along a length of the tube.
The first end of the opposing support member is configured to
pivotally couple to the first and second dog bone linkers, and
a second end of the opposing support member is configured to
pivotally couple to the third and fourth dog bone linkers.

The first end of the curved, elongated support member may
include an engagement finger configured to engage a rack.
The second end of the curved elongated may be configured to
pivotally couple to the rack. The apparatus may include a
knob coupled to the first end of the curved, elongated support
member to move the rack.

In yet another embodiment of the present disclosure, a flow
meter includes a coupler, a support member, an image sensor,
a laser, and at least one processor. The coupler is adapted to
couple to a drip chamber. The support member is operatively
coupled to the coupler. The image sensor has a field of view
and is operatively coupled to the support member, and the first
image sensor is configured to view the drip chamber within
the field of view. The laser is co